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Abstract An AU-composite beam based on U-shaped steel beams and steel plate anchors of type A was developed.
The composite beam reduced the height of the building floor and construction cost. In addition, it decreased the length
of construction work, and improved the flexural strength and stiffness as a form of tubes. In this study, AU-composite
beams were tested directly and their performance was evaluated through bending experiments. The strength of the
specimens was increased initially by linear loads and reached a maximum strength due to destruction of the concrete
slab. All of the experiments showed more than 85% of the maximum stress and performed gentle movement. In
addition, there was good composite behavior with the steel plate anchor that had excellent composite effects and
reached full strength until the maximum strength was reached. When the thickness of the steel plate was increased,
the flexural stiffness and strength of the specimen were improved. Therefore, the flexural strength of AU-composite
beams can be estimated using the flexural strength formula according to the KBC 2016.
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Fig. 1. Components of AU-composite beam
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Fig. 2. Plastic stress distribution of AU-composite
beam section when the YP.N.A is located
within concrete slabs

AAR QP2 E SR GEY
(Palab)% iﬂ}—é}v‘_‘:— 75]_?_7 -/JY\—AJ%%:T( YPNA)% 7(:}ZHE’_91
SN ZAYA vlel fixgk olu] 245 HE] 914
=A@ sl 24FYE e 2adE 45
(P)2 A®)% At uheb A3 =(M,)= A
(10)3 72t

T— (Pﬂlab+Pca)+Pbar>
Ypya= ! 4
P.NA 085f¢kbu ( )

T:PZ+PHT+P1‘(3 (5)

Rtap = (tap‘F;/ cap (6)

Pbrzr AbarF‘l/ bar (7)

P.=P,,+P, 8)

Bia =0-85f b, YP NA ©

]‘/In = Pr( YP“VA d )+Pmp( Y:‘ap - YP.N.A) (]0)

+T(H—Ypna— Yy)
b.fﬁ‘?

SRS o

I
£
. A
Z
By,

Fig. 3. Plastic stress distribution of AU-composite
beam section when the YP.N.A is located
within steel plate anchors
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Fig. 4. Plastic stress distribution of AU-composite
beam section when the YP.N.A is located
in concrete slabs
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Table 1. List of specimens

Shape characteristic Deck

Specimens Thickness Manufacturing cc Reinforcement

Slab Depth system

Type Anchor U-shaped
CA-3UD-X @) A 4.5 6 300 U-Forming X
CB-3UD-X O B 6 9 300 U-Forming X
CA-3UD-R O A 4.5 6 300 U-Forming Truss bar
CB-3UD-R O B 6 9 300 U-Forming Deep deck Truss bar
CC-3UD-S ] C 6 6 300 U-Forming Square bar
CD-3BD-S ] D 6 6+9 300 Built-up Square bar
CD-5BD-S O D 6 6+9 500 Built-up Square bar
CC-5UT-S O C 6 6 500 U-Forming Square bar
- Truss deck —————————
CD-5BT-S O D 6 6+9 500 Built-up Square bar
C A-3UD-

I

Deck system : D(Deep deck), T(Truss deck)

Manufacturing : U(U-Forming), B(Built-up)

Depth of U : 3(300mm), 5(500mm)

Construction :

C(Composite), S(Only steel)

Reinforcement = x(non), R(Truss bar), S(Square bar)

Type of thickness : A(4.5-6), B(6-9), C(6-6), D(6-6+9)

4
1

S|

(¢) CD-5BD

Steel : Cap top & side (3EA)
Steel : U side & bot (7EA)
Concrete : Con top & side (SEA)

-S

Fig. 7. Location of measuring sensors

Table 2. Test results of concrete

= Steel: Cap top & side (3EA)
= Stecl: U side & bot (7EA)
== Concrete: Con top & side (SEA)

CARATY

P T ]

= Steel : Cap top & side (3EA)
== Steel : U side & bot (SEA)
== Concrete : Con top & side (SEA)

L B
!\ & & |
—
(b) CC-3UD-S
- 4
Tension 1 % Shear
]
4
Ll
) 0 »
& &
(d) CD-5BT-S

Table 3. Test results of steel

Test . Stress( MPa) YVield |Yield strain Elastic
Specific concrete Elastic Ttem | Size - - ratio ) modulus
strength Compressive Strain modulus Yield | Tensile y (Es, MPa)
(f o MPa) strength (E., MPa) THK :
¢ (fmax’MPa) (Speak) € 6.0 433.9 540.8 0.80 | 0.002162 200,749
Plate THK -
27 374 0.002341 15989.2 90 Tl 464.8 675.9 0.69 | 0.002221 | 209,304
b D16 572.8 705.1 0.81 0.002958 193,618
re-bar
D25 558.6 689.8 0.81 0.002743 203,644
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Table 4. Test results

Specimens ](1 ‘Py Pmax 0. 8*Pm ax Pmax 5y (sf’mam 50.8}’mam 60 e /0
(KN/mm) (kN) (kN) (kN) 1P, (um) (um) (mm) Sy
CA-3UD-X 67.0 1,880 2,125 1,700 1.13 27 71 - 2.63
CB-3UD-X 70.4 2,250 2,605 2,084 1.16 27 129 - 4.79
CA-3UD-R 70.2 1,999 2,326 1,861 1.16 28 99 - 3.62
CB-3UD-R 87.0 2,265 2,598 2,079 1.15 26 77 - 3.03
CC-3UD-S 52.3 1,263 1,524 1,220 1.21 25 97 311 12.25
CD-3BD-S 61.1 1,920 2,209 1,767 1.15 29 95 139 4.74
CD-5BD-S 119.6 2,686 3,279 2,623 1.22 22 84 149 6.92
CC-5UT-S 522 1,087 1,295 1,036 1.20 24 75 91 3.85
CD-5BT-S 70.9 1,607 1,935 1,548 1.20 24 77 103 4.29
. Py : Yield load * P, : Maximum load *0.87, .. : 80% load of maximum load
. . M 0, 1
+§ : Displacement at yield load . 51’ & Displacement at maximum load 6”'8P mag  Displacement at 80% load of maximum
Y max load
4. Sz} CA-3UD-R, CB-3UD-R &A= 7ke] 27]el Ag4
Te Bolo, THEAelA Hx o] LAt
41 Iofy HS o5 g0l 543 Hast WHIT7F vjvlstal W
7b A9 93 e Fig 8ol YT, As W sk ST 3 A @AE A ol
& R FRE ¢ A WY BAAAS A9 B He B wel Fol WSl sluelgel A
FAZF UY ddEn 9ke CA-3UD-X, CB-3UD-X,  2HSlon o|F 7hego] A&u WA 7hE oA e] 7

(a) CA-3UD-X

(b) CB-3UD-X (f) CD-3BD-S

(g) CD-5BD-S

(d) CB-3UD-R (h) CC-5UT-S

Fig. 8. Failure mode
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Table 5. Initial stiffness and maximum load of specimens

Test Theory
Specimens |z | po | P | P | P /; o
| @ | o | B | o |
CA-3UD-X | 67.0 | 1,880 | 2,125 | 1.13 | 1,924 | 1.10
CB-3UD-X | 704 | 2250 | 2,605 | 1.16 | 2418 | 1.08
CA-3UD-R | 702 | 1,999 | 2326 | 1.16 | 1924 | 121
CB-3UD-R | 87.0 | 2265 | 2,598 | 1.15 | 2,418 | 1.07
CC-3UD-S | 523 | 1,263 | 1,524 | 121 | 1,092 | 128
CD-3BD-S | 61.1 | 1,920 | 2209 | 1.15 | 1,577 | 1.40
CD-5BD-S | 119.6 | 2,686 | 3279 | 122 | 2473 | 133
CC-5UT-S | 522 | 1,087 | 1295 | 120 | 1,161 | 112
CD-5BT-S | 709 | 1,607 | 1935 | 120 | 1,626 | 1.19
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Table 6. Comparison of strength with or without Truss

bar
Specimens [(1 (KN/mm) Py (kN) Pm ax (KN)
(1) CA-3UD-X 67.0 1,880 2,125
(2) CA-3UD-R 70.2 1,999 2,326
2)/(1) 1.05 1.06 1.09
(3) CB-3UD-X 70.4 2,250 2,605
(4) CB-3UD-R 87.0 2,265 2,598
(4)/(3) 1.24 1.01 1.00
—#-0.1Pmax  —2—0.5Pmax 0.65Pmax #-0.1Pmax  —A—0.5Pmax 0.65Pmax
—&—0.9Pmax Py —&— Pmax —&—0.9Pmax Py —5—Pmax
= 700 = 700 y
g 600 g 600 s
2 » YpuaZ 165N
E 500 E 500 - om
400 400 A\ »
300 ) 300 i
200 fenrdnnaes ARS 200 ‘
100 fonmvndonsan g."t"f 100 -+
0 TN 0t R
4,000 -2,000 0 2,000 4000 6000 4,000 -2,000 0 2,000 4000 6,000
Strain(x10) Strain(x10)
(a) CA-3UD-X (b) CB-3UD-X
#—(.1Pmax #—0.5Pmax 0.65Pmax —#—(.1Pmax —A—0.5Pmax 0.65Pmax
©—0.9Pmax Py —B— Pmax ©—0.9Pmax Py —B—Pmax
o 700 = 700 -
g 600 |- 1 g« 600
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Fig. 10. Load-strain relationship for each specimens
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Table 7. Comparison of strength according to thickness
of steel plate

Specimens K, (kN/mm) Py (kN) P (kN
(1) CA-3UD-X 67.0 1,880 2,125
(2) CB-3UD-X 70.4 2,250 2,605

@) 1.05 120 123
(3) CA-3UD-R 70.2 1,999 2,326
(4) CB-3UD-R 87.0 2,265 2,598
@3) 1.24 1.13 112
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Table 8. Comparison of performance by manufacturing

Specimens (]f;/ Py | Prog (08B, Prax| 6, {0 pre 0.5 Pmafd0.87maa
) | 020 | G0 | (N /B, | (am) | (am) | (am) | /9,

W Vso3] 1263|1524 | 1220121 25 | 97 | 311 | 1225
CC-3UD-$ : ’ ’
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CD-3BD-$ ’ ” ’

@y |12 15 | 14 |14 |10]12|10]| 04 | 04

) 1522]1,087|1.295 | 1,036 | 1.20| 24 | 75 | o1 | 3.85
CC-5UT-S ’ ’ ’

@ 1709 1,607|1,935 | 1,548 | 120 | 24 | 77 | 103 | 420
CD-5BT-S ’ ’ ’
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Table 9. Comparison of performance by depth of beam
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mens (mm) (N | (N) | (kN) | /B, | (um)| (um) | (mm) /(5y
M
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Fig. 14. Load-Strain relationship by Steel plate



A 4T = EA A9 A3S, 2018

6.

z =

QN AABAE AP BABAAGAEAN =
A8k AU RS 8458 A3t AU E e
Deep deck®} Truss deckE 4-8-3h+

81932 Truss bar, 43577, =

of digt sS4

i=)
3

|
Q‘L
32
o
>
=
=
R
fx
2

Olr [}
rlo

o2

N v
>

c

ot

o,

f

il

i

)

[0 oo

o
)2
L
>
i,

fftl

ol

o
Lo

B
2

i—’a
rir
ofs
ol
ol
DN
N
& o 2
o
olN
N
ol
ol

&

|z

(<3

= o
ol
H
)
o,

N
)
|z
K=
o
fru

m

(o)
=
o,
m
R
=
)
1o
(o]
2z
=X
A

X
off
tlo

1
Lo
et

X5 Bt ol
o5l kA<l
3. AUSHA Ho|| A8 6
o7 Z7IA FARAAL 20%01%, FHEE 10%

o\
N
_O|L

2
&
k=
rol
(@
ofht

o), AR 40% o’ 7ol ThsetaaL, WY
AeE BT TUsiTh

4, HAZY o) EL] EAJo] 2t30] Deep deck?} Truss
deckEs HEAIA AP} AA7EAE o
SRR EE v Ay, B AACdA 3
FAEE A3lsh 1.07~14v9 I4=E 23
sttt whebAl, AU R 3 s AS5T37]
ol upe} Aljke ALEAS A8 F s Ao
= e

References

Kim, S.B., Kim, S.S., Lee, W.R., Kim, J.Y., Lee, S.B.,
Ryu, D.S., Kim, D.H., Study on the Flexible Strength of
U-shape Hybrid Composite Beam, Journal of Korean
Society of Steel Construction, KSSC, vol. 24, no. 5, pp.
521-534, 2012.

DOI: https://doi.org/10.7781/kjoss.2012.24.5.521

[2] Heo, B.W., Kwak, M.K., Bae, K.W., Jung, S.M., Kang,

140

S.K., Flexural Capacity of the Profiled Steel Composite
Beams with Truss Deck Plate, Journal of Korean Society
of Steel Construction, KSSC, vol. 19, no. 4, pp. 413-423,
2007.

Lee, E.T., Lee, S.H., Jang, B.R., Flexural Performance
Evaluation of Semi-slim floor Composite Beams for
Reduction of Story Height, Journal of Korean Society of
Steel Construction, KSSC, vol. 20, no. 1, pp. 165-173,
2008.

Kim, S.S., Kim, S.M., Kim, S.B., Seo, D.G., Kim, K.S.,
An Experimental Study on the Behavior of the T-type
Steel Composite Beam, Journal of Korean Society of
Steel Construction, KSSC, vol. 16, no. 2, pp. 225-233,
2004.

AIK, Korea building code and commentary- structural,
Architectural Institute of Korea, 2016.

KSSC, Standard of design of steel structure by load and
resistance factor design method, Korean Society of Steel
Construction, 2014.

AISC, Steel Construction Manual, American Institute of
Steel Construction, 2011.

St EH(Hwan Taek Lim)

(H=2]

I
T

° 1998 129
et At (B
#A ;A7

FAEAE TS wh



